The cffect of butyl and isoamyl nitrites on methionine synthase from mouse kidney and liver was investigated. A strong specific inhibition of the enzyme (50% at 7.3 x 10 4 M nitrites for kidney methionine synthase) was found. This inhibition was caused mainly by the destruction of vitamin B12 as shown in experiments with and without exogenous vitamin B1 2 in the reaction mixture although decomposition of 5-methyltetrahydrofolate could not be excluded. When given to the mice nitrites did not inhibit methionine synthase, but caused oxidation of hemoglobin to methemoglobin. Alkyl nitrites cannot, therefore, be used to evoke vitamin B1 2 and folate deficiency in vivo.
Introduction
Alkyl nitrites present in tobacco smoke and used as inhalants (so-called recreational drugs) by homosexual men exert immunosuppressive effects (1) , and cytotoxic activity for various cells in vitro (2) . Their role as possible cofactors in Kaposi's sarcoma and opportunistic infections in persons with HIV infection cannot be excluded (3) .
Alkyl nitrites are characterized by strong oxidative activity. In 1986 Khaled et al. (4) using NMR spectroscopy showed that butyl nitrite caused oxidative destruction of methylcobalamin (vitamin B\2) and 5-methyltetrahydrofolate -co factors of methionine synthase, one of the two enzymes catalyzing methylation of homocysteine to methionine in the liver and kidney (scheme 1).
In the present study we investigated whether alkyl nitrites can exert an inhibitory effect on methionine synthase in vitro and in vivo and thus be used as 
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Homocysteine agents leading to deficiencies of vitamin B12 and/or reduced folates , similarly as has already been documented in the case of nitrous oxide (5, 6).
Materials and Methods

Animals and preparation of enzyme extracts
Swiss female mice weighing 30 g approximately were sacrificed by cervical dislocation. Blood was collected for methemoglobin estimation. The kidneys and liver were removed, washed with cold buffered saline, then homogenized in 0.1 M phosphate buffer (pH 7.4) and centrifuged at 20,000 g for 20 min. The supernatant served as the source of the enzymes.
Enzyme assays
Vitamin Blrdependent methionine synthase (5-methyltetrahydrofolate: homocysteine methyl transferase, E. C. 2.1.1.13) was estimated according to Kamely et al. (7) , and betaine methyltransferase (betaine: homocysteine methyltransferase, E. C. 2.1.1.5) according to Skiba et al. (8) . The activity of methionine synthase estimated in the absence of exogenous vitamin BI2 was taken as a measure of holoenzyme content in the enzyme preparation, according to Mangum et al. (9) . Homocysteine was prepared from its thiolactone just before enzyme assay according to Duerre and Miller (10) . The standard reaction mixtures for estimations of both enzymes are given in the legend to Figures 1 and 2 . The reaction mixtures were incubated up to 1 h at 37°C in tightly closed Eppendorf tubes and the reaction was terminated by addition of 300 III ice-cold water.
[14C] Methionine formed in the reactions catalyzed by methionine synthase and betaine methyltransferase was separated from radioactive substrates on Dowex 1 x 8, 200-400 mesh , Cl-form (7), and OH-form (8), respectively. The radioactivity in effluents was measured in LS 3801 Beckman scintilation counter using scintillation coctails for aqueous solutions.
Butyl or isoamyl nitrite aqueous solutions were prepared and added to the reaction mixtures just before the onset of incubation. pH of the reaction mixtures was carefully checked.
Protein was determined by the method of Lowry et al. (11) and methemoglobin according to Evelyn and Malloy (12) .
Chemicals
Chemicals purchased from commercial sources were of analytical grade. found with 7.3 x 10 4 M mtnte in the incubation mixture and almost complete inhibition with 4.4 mM. It was also found that nitrites at concentrations causing considerable inhibition of methionine synthase activity had no effect on the activity of the second enzyme active in methionine synthesis, namely betaine methyltransferase (Fig. 2) . It points to specific inhibition of methionine synthase by nitrites and seems to exclude the possibility of their unspecific interaction with the enzyme protein.
The content of methionine synthase holoenzyme in the native mouse kidney preparation estimated by measuring enzyme activity in the absence of exogenous vitamin BIZ varied from 12 to 49%. To check whether nitrites exerted their inhibitory effect on methionine synthase through the action on vitamin B t2 , their influence on preparations with different holoenzyme content was compared. Results of the representative experiment are shown in Table 1 . The 7.47 x 10-4 M isoamyl nitrite which practically had no effect on the activity of methionine synthase estimated in the presence of added vitamin Bt l (100% holoenzyme), inhibited the activity of the native holoenzyme by about 40%. This compound at 3.73 x 10-4 M evoked nearly complete (90%) inhibition of methionine synthase in the absence of exogenous vitamin B 12 , while in its presence the degree of inhibition was much lower (33%). It seems therefore, that alkyl nitrites caused destruCl i"n 01 !'1;; :,m,l~l J.ni ('lunts o f endogenous vitamin B: r r;:'~e:1t I r . the ;Ull h' preparation of methionine syn thase .inc in ( On5equen(e a more pronounced denedse I,.f enzyme acti\'ity took place . Thus, the inhibitory effect of alkyl nitrites seems to be, at least in part. due to the destruction of\'itamin Butyl and isoamyl nitrite proved to be highly toxic to mice kept in an atmosphere saturated with these agents. Under these conditions the animals died in 1 -3 min, probably due to methemoglobin formation. An elevated level of methemoglobin was detected in the blood of animals receiving even small doses of nitrites administered as s. c. injections ( 0.14 ± 0.09 (6) 0.27 (2) 0,43 ± 0.21 * (6) N itrites dissol ved in ethanol (1 : 1, vjv) were added to a buffered sa line (final volume 200 Ill) and injected s. c. to mice. Control mice received vehicle only (ethanol in buffered saline).
Data were processed by one-way a nalysis of va riance. * Me themogl o bin level was significantly higher (p < 0.01) when compared with that in control mice. The number of mice is given in parenthcses. Table 3 . Methi o nine synthase activity in kidney and liver o f mice treated with butyl or isoamyl nitrite. The range o f the enzyme specific activity in the kidney and ii\cr of control mice was 5.34 -8.8 1 and 1.32 -3.20 nmoles/ h/ mg protein, respectively, similarly as in the untreated animals. The number of mice is given in parentheses.
the mice no significant change in the activity of methionine synthase in the liver and kidney of experimental animals was found ( Table 3) .
Discussion
In recent years the possible connection between longterm use of alkyl nitrites and Kaposi's sarcoma as well as opportunistic infections outbreak has been suggested (1) . The concern about volatile alkyl nitrites has also been related to their ability to nitrosate various amines or amides, as well as to other acute or subacute toxicities, among them methemoglobinemia (13) . Hersh et at. (2) in in vitro studies showed the high cytotoxicity of 1 % (i. e. 88.4 mM) isobutyl nitrite to human peripheral blood leukocytes. At lower nitrite concentrations the viability of leukocytes was preserved , but inhibition of incorporation of ra-diolabelled precursors into the respective macromolecules was observed.
Tn the present study we focused our attention on another aspect of alkyl nitrites action, namely on the metabolic consequences of oxidative destruction of vitamin B12 and 5-methyltetrahydrofolate. We found that butyl and isoamyl nitrites were in vitro effective inhibitors of methionine synthase at even much lower concentrations than that (0.18 M) shown by N M R spectroscopy (4) to cause decomposition of vitamin Btl and 5-methyltetrahydrofolate. In our studies almost complete enzyme inhibition was observed already at 4.4 -8.0 mM nitrite, while not only 0.18 M but even 44.2 mM nitrite denatured enzyme protein.
Differential susceptibility towards the nitrite action of the enzyme preparations characterized by various content of methionine synthase holoenzyme allows us to postulate that the inhibition of methionine synthase by nitrites is the result of the destruction of vitamin B t 2 , although the decomposition of 5-methyltetrahydrofolate may also contribute to the observed inhibitory effect of nitrites. It should be mentioned however, that decomposition of vitamin B12 caused by nitrites proceeds faster than that of the folate coenzyme (4). In fact it has been suggested that NOi ion, the product of nitrites decomposition in water, rather than nitrites themselves may be responsible for inactivation of the cofactors involved in methionine synthesis. Formation of nitrito cobalamin from methyl cobalamin as well as displacement of the methyl group from 5 N position of methyltetrahydrofolate have been postulated (4).
Alkyl nitrites were extremely toxic to the mice when applied in high concentration. The observed oxidation of hemoglobin to methemoglobin was probably responsible for their toxic effect. When nitrites were given to the mice in lower concentrations no effect of the drugs on methionine synthase activity in the liver or kidney could be detected. The most probable explanation of this observation is the assumption that nitrites rapidly reacted with hemoglobin to form methemoglobin and did not reach either the liver or kidney. Therefore, we conclude, that alkyl nitrites although inhibit methionine synthase in vitro do not act specifically on methionine synthase when applied in vivo and cannot be used as alternative to nitrous oxide in producing vitamin B12 and folate deficiency.
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